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The asymmetric unit of the title compound, C4 4 H 3g N 8 + - 
4I~-4H 2 0, comprises two halves of non-equivalent cations of 
5,10,15,20-tetrakis(l-methylpyridinium)porphyrin (with the 
full molecule of each completed by the application of 
inversion symmetry), four charge balancing iodide anions 
and four water molecules of crystallization (two water 
molecules are fully occupied and four molecules have a site 
occupancy of 50%). The porphyrin cations are arranged into 
supramolecular columns parallel to the b axis, mediated by jt- 
7t [centroid-centroid distance = 3.762 (4) A] and C— H- ■ -it 
supramolecular interactions [C- ■ centroid distance = 
3.522 (7) A, C-H- ■ -centroid = 128°], leading to the forma- 
tion of columns parallel to the b axis. The close packing leads 
to the presence of a one-dimensional channel filled with 
partially occupied water molecules engaged in O— H- ■ O and 
O— H- • I hydrogen bonds 

Related literature 

For general background on the search for alternative treat- 
ments for microbial infections, see: Gomes et al. (2011); Alves 
et al. (2008); Carvalho et al. (2009). For the use of porphyrins 
as photosensitizers, see: Alves et al. (2009); Banfi et al. (2006); 
Merchat et al. (1996); Tome et al. (2004); Yu et al. (2009). For 
general background on the work carried out by our group, see: 
Paz et al. (2002); Paz & Klinowski (2003); Shi et al. (2008). 
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Experimental 

Crystal data 

C 4 4H 38 N 8 2 Mr4H 2 0 
M r = 1258.49 
Monoclinic, Pl^/n 
a = 24.3331 (4) A 
b = 6.5209 (1) A 
c = 30.5663 (5) A 
P = 95.025 (1)° 

Data collection 

Bruker X8 KappaCCD APEXII 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1997) 
T min = 0.104, r mM = 0.289 

Refinement 

R[F 2 > 2a(F 2 )] = 0.044 

wR(F 2 ) = 0.110 

S = 1.09 

7346 reflections 

563 parameters 



Table 1 

Selected interatomic distances (A). 



V = 4831.43 (13) A 3 
Z = 4 

Cu Ka radiation 
jtt = 20.65 mm~' 
T = 100 K 

0.20 x 0.15 x 0.08 mm 



47661 measured reflections 
7346 independent reflections 
7013 reflections with / > 2a(I) 
R„, = 0.039 



6 restraints 

H-atom parameters constrained 
Ap max = 2.73 e A~ 3 
Ap mi „ = -2.79 e A~ 3 



02W- ■ -04W' 


2.781 (15) 


02W- 


■ 13 


3.684 (9) 


OIW- ■ 06W" 


2.793 (15) 


06W- 


■ I4 iv 


3.299 (18) 


03W- ■ 05W" 


2.730 (19) 


C13- ■ 


11 


3.691 (6) 


03W- 06W 


2.56 (2) 


C14- ■ 


12" 


3.760 (6) 


04W- ■ 05W 


2.721 (19) 


C44- ■ 


12 


3.844 (7) 


05W- ■ 06W" 


2.73 (2) 


C22- ■ 


13' 


3.882 (7) 


OIW- ■ I2 ui 


3.565 (5) 


C36- ■ 


I4 V 


3.566 (5) 


OIW- ■ 13'" 


3.594 (5) 








Symmetry codes: ( 


) x, v + 1. z; (ii) —x + 1, v 


f |,-z 


+ 1; (iii) -x - 


rl,y + i,-z + i; (iv) 


x, y — 1, z; (v) —x 


Hv-l-z + i 









Data collection: APEX2 (Bruker, 2006); cell refinement: APEX2; 
data reduction: SAINT-Plus (Bruker, 2005); program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: DIAMOND (Branden- 
burg, 2009); software used to prepare material for publication: 
SHELXTL. 
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5,10,15,20-Tetrakis(l-methylpyridinium-4-yl)porphyrin tetraiodide tetrahydrate 

L. M. O. Lourenco, J. A. Fernandes, M. G. P. M. S. Neves, J. A. S. Cavaleiro, J. C. Tome and F. 
A. Almeida Paz 

Comment 

With the increasing number of antibiotic-resistant strains of microorganisms it is imperative to find alternative treatments for 
microbial infections (Alves et al, 2008). Photodynamic therapy is a promising non-antibiotic approach to photoinactivate 
antibiotic-multi-resistant pathogenic microorganisms. The photodynamic destruction of microorganisms is based on the 
ability of certain photosensitizers, when activated by light, generate reactive oxygen species that are able to destroy or 
affect bacterial membranes (Carvalho et al., 2009). For example, studies using cationic maso-substituted porphyrins acting 
as photosensitizers revealed interesting results in the destruction of Gram-positive and Gram-negative bacteria (Alves et 
al, 2009; Banfi et al, 2006; Merchat et al, 1996). The compound 5,10,15,20-tetrakis(l-methylpyridinium-4-yl)porphyrin 
(Gomes et al, 2011) is one of the most used photosensitizers in the photo-inactivation studies of microorganisms. Results 
have shown that the cationic conjugates are able to efficiently photosensitize different types of microorganisms (Gomes et 
al, 2011; Tome et al, 2004; Alves et al, 2008; Yu et al, 2009). Following our on-going interest on organic crystals (Paz 
et al, 2002; Paz & Klinowski, 2003) and in water clusters confined in organic/hybrid matrices (Shi et al, 2008), here we 
wish to describe the crystal structure of the title compound. 

The asymmetric unit (Fig. 1) of the title compound, (C44H3gNg)l4'4H20, comprises two distinct halves of centrosym- 
metric tetracationic porphyrin molecules, whose charge is balanced by four iodide anions, plus four water molecules of 
crystallization. The porphyrin rings are planar (with deviations from planarity smaller than ca 0.16 A) subtending angles 
with the substituent pyridinium rings which range from ca 56 to ca 68°. The crystal structure is rich in weak supramolecular 
interactions such as ji-ji stacking and C — H—71 interactions: there are two ji-ji stacking interactions between adjacent pyrrole 
rings [Cg--Cg distances of 3.762 (4) and4.108 (4) A], and there is a single C35— H35--7I interaction [C-Cg of 3.522 (7) A] 
between a hydrogen from the pyridinium ring and a pyrrole ring (interactions not shown). These supramolecular interactions 
contribute to the formation of columns of porphyrin molecules which are parallel to the b axis as depicted in Fig. 2. These 
columnar arrangements close pack in the ac plane leading to the formation of one-dimensional channels which, due to the 
need of close proximity of the iodide anions with the pyridinium rings, are instead filled with disordered water molecules 
of crystallization engaged in hydrogen bonding interactions (Table 1 and Figs 2 and 3). We note that a sole water molecule 
(OIW) is located between two iodide anions (12 and 13) and outside the aforementioned channel, deeply embedded into the 
hydrophobic portion of the crystal structure. The remaining three water molecules are distributed among five independent 
crystallographic sites which may be involved in several O — H-0 hydrogen bonding interactions as depicted in Fig. 3 (see 
Table 1 for geometric details). It is also interesting to note that only one iodide anion (II) is not close to water molecules, 

participating instead in several short contacts with the porphyrin cations, among which a C — H--T weak hydrogen interac- 
tion (c/d-a = 3.691 (6) A) arises as the strongest and more directional one (green dashed lines in Fig. 2). 12 to 14 are also 
involved in such type of interactions (not shown) as summarized in Table 1. 
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Experimental 

Crystals of the title compound have been isolated using the synthetic procedure described in detail by Gomes et al. (2011). 
Refinement 

Hydrogen atoms bound to carbon and nitrogen were placed in idealized positions with C — H = 0.95 A (aromatic) or 0.98 
A (terminal methyl groups), and N — H = 0.88 A. These atoms were included in the final structural model in riding-motion 
approximation. The isotropic thermal displacement parameters for these atoms were fixed at 1.2 (for the aromatic H atoms) 
or 1.5 (for the terminal — CH3 moieties) times U £ q of the atom (C or N) to which they are attached. 

Four water molecules of crystallization were found to be partially occupied and were included in the final structural 
model with fixed rates of occupancy of 50% (calculated from unrestrained refinement for the site occupancies). Hydrogen 
atoms associated with water molecules could not be located from difference Fourier maps and attempts to include these 
in calculated positions did not lead stable structural refinements. Nevertheless, the hydrogen atoms associated with these 
chemical entities have been included in the empirical formula of the title compound. 

The structural model contains a large residual electron densities of 2.73 and -2.79 e A"^ located at 0.91 and 0.82 A from 
the 14 atom, respectively. Attempts to include these peaks as a disordered iodide anion did not lead to sensible structural 
refinements. 

Figures 

Fig. 1. Molecular units comprising the asymmetric unit of the title compound. The porphyrin 
molecules have been completed (through inversion symmetry) for clarity. Displacement el- 
lipsoids are drawn at the 50% probability level and the atomic labeling is provided for all 
non-hydrogen atoms comprising the asymmetric unit. Hydrogen atoms are represented as 
small spheres with arbitrary radius. 



Fig. 2. Crystal packing of the title compound viewed in perspective along the [010] direction 
of the unit cell. Hydrogen bonds involving only water molecules are depicted as dashed bright 
green lines and those involving water molecules and iodide anions are depicted as dashed 

pink lines. The C — H T weak hydrogen bond is depicted as a dashed green line. 



Fig. 3. Portion of the hydrogen bonded zigzag chain involving iodide anions and water mo- 
lecules of crystallization present in the crystal structure of the title compound. For clarity, 
the site occupancy of each water molecule is represented next to the label, and the symmetry 
codes used to generate equivalent atoms are omitted. For geometric details on the represented 
supramolecular interactions see Table 1 . 
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5,1 0,1 5,20-Tetrakis(1 -methylpyridinium-4-yl)porphyrin tetraiodide tetrahydrate 



Crystal data 

C 4 4H38N 8 2+ -4r-4H 2 0 
M r = 1258.49 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 24.3331 (4) A 
6 = 6.5209 (1) A 
c= 30.5663 (5) A 
(3 = 95.025 (1)° 

V= 4831.43 (13) A 3 
Z=4 



^(000) = 2440 

D x = 1.730 MgnT 3 
Cu Ka radiation, X = 1 .54 1 78 A 
Cell parameters from 8573 reflections 
9 = 3.7-62.2° 

H = 20.65 

T= 100 K 

Block, brown 

0.20 x 0.15 x 0.08 mm 



Data collection 



Bruker X8 KappaCCD APEXII 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co and cp scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1997) 
r min = 0.104, T max = 0.289 
47661 measured reflections 



7346 independent reflections 

70 1 3 reflections with / > 2o(T) 
R int = 0.039 

Qmax = 62.7°, 9 m i n = 7.7° 

h = -27^27 

A: = —7 — >7 
/= -22^34 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.044 
wR(F 2 ) = 0.110 

S= 1.09 

7346 reflections 
563 parameters 
6 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 



H-atom parameters constrained 



w=V[o 2 (F o 2 ) + (0.04&lP) 2 



42.1978P] 



where P = (F 0 



■2F 2 )/3 



(A/0) max = 0.001 
Apmax = 2.73 e A~ 3 
Ap min = -2.79 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving Is. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Nl 


0.46552 (19) 


0.1385 (8) 


0.05010 (16) 


0.0156 (11) 


N2 


0.43689 (19) 


-0.2216(8) 


-0.00352 (16) 


0.0161 (11) 


H2 


0.4640 


-0.1320 


-0.0009 


0.019* 


N3 


0.24687 (19) 


-0.1678 (8) 


0.12933 (15) 


0.0145 (11) 


N4 


0.6006 (2) 


0.7920 (9) 


0.17192 (18) 


0.0247 (12) 


CI 


0.4873 (2) 


0.2957 (9) 


0.0757 (2) 


0.0160 (13) 


C2 


0.4553 (2) 


0.3298 (10) 


0.1131 (2) 


0.0178 (13) 


H2A 


0.4630 


0.4267 


0.1360 


0.021* 


C3 


0.4128 (2) 


0.1972(10) 


0.1089 (2) 


0.0172 (13) 


H3 


0.3839 


0.1849 


0.1278 


0.021* 


C4 


0.4196 (2) 


0.0765 (9) 


0.06957 (19) 


0.0146 (12) 


C5 


0.3859 (2) 


-0.0908 (9) 


0.05650 (19) 


0.0137 (12) 


C6 


0.3943 (2) 


-0.2300 (9) 


0.02283 (19) 


0.0153 (13) 


C7 


0.3613 (2) 


-0.4026 (10) 


0.0091 (2) 


0.0173 (13) 


H7 


0.3295 


-0.4488 


0.0222 


0.021* 


C8 


0.3828 (2) 


-0.4894 (10) 


-0.0258 (2) 


0.0192 (14) 


H8 


0.3687 


-0.6060 


-0.0417 


0.023* 


C9 


0.4311 (2) 


-0.3731 (9) 


-0.0346 (2) 


0.0174 (13) 


CIO 


0.5360 (2) 


0.4044 (9) 


0.0686 (2) 


0.0161 (13) 


Cll 


0.3363 (2) 


-0.1240 (9) 


0.08095 (19) 


0.0133 (12) 


C12 


0.2939 (2) 


0.0224 (9) 


0.07885 (19) 


0.0139 (12) 


H12 


0.2955 


0.1386 


0.0603 


0.017* 


C13 


0.2500 (2) 


-0.0028 (9) 


0.1039 (2) 


0.0171 (13) 


H13 


0.2217 


0.0980 


0.1030 


0.021* 


C14 


0.2850 (2) 


-0.3158(9) 


0.13028 (19) 


0.0155 (12) 


H14 


0.2808 


-0.4357 


0.1473 


0.019* 


C15 


0.3306 (2) 


-0.2950 (9) 


0.10647 (19) 


0.0165 (13) 


H15 


0.3579 


-0.3992 


0.1078 


0.020* 


C16 


0.1992 (2) 


-0.1914(10) 


0.1559 (2) 


0.0211 (14) 


H16A 


0.1680 


-0.2503 


0.1376 


0.032* 


H16B 


0.1888 


-0.0569 


0.1668 


0.032* 


H16C 


0.2093 


-0.2825 


0.1808 


0.032* 


C17 


0.5575 (2) 


0.5474 (9) 


0.1041 (2) 


0.0155 (12) 


C18 


0.6056 (2) 


0.4934 (10) 


0.1296 (2) 


0.0201 (14) 


H18 


0.6243 


0.3703 


0.1234 


0.024* 


C19 


0.6261 (3) 


0.6164(10) 


0.1634 (2) 


0.0229 (14) 


H19 


0.6585 


0.5771 


0.1809 


0.027* 


C20 


0.5550 (3) 


0.8516(10) 


0.1477 (2) 


0.0249 (15) 
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U.U3ol {3 ) 


A AT 1 1 /")\ 

U.UZ 11 yZ) 


A A7^1 ^/1"\ 
U.U /Ol (4J 


A AAAT /T~\ 

U.UUU3 yZ ) 


A ATCiC /T\ 

U.U3 JO y3 ) 


A AAA Q f)\ 

U.UUUo yZ ) 


/"i 1 T 

Ol w 


A AT O /T\ 

0.028 (3) 


A AT r /TX 

0.035 (3) 


A AT T /T \ 

0.033 (3) 


A AA 1 

0.001 (2) 


A AA C /T\ 

0.005 (2) 


A AAZZ /1\ 

-0.006 (2) 


02W 


0.060 (5) 


0.111 (7) 


0.094 (6) 


0.011 (5) 


0.015 (4) 


0.032 (5) 


03W 


0.026 (5) 


0.054 (6) 


0.141 (9) 


0.004 (5) 


-0.019(6) 


0.042 (7) 


04W 


0.051 (6) 


0.040 (6) 


0.029 (6) 


0.011 (5) 


0.004 (5) 


0.001 (5) 


05W 


0.051 (8) 


0.045 (8) 


0.125(13) 


-0.007 (6) 


0.004 (8) 


-0.009 (8) 


06W 


0.038 (7) 


0.067 (10) 


0.164(17) 


-0.012 (7) 


-0.054 (9) 


0.029 (10) 



Geometric parameters (A, °) 



Nl— CI 


1.368 (8) 


N5— C26 


1.367 (8) 


Nl— C4 


1.373 (8) 


N5— C23 


1.373 (7) 


N2— C6 


1.367 (8) 


N6— C31 


1.367 (8) 


N2— C9 


1.370 (8) 


N6— C28 


1.371 (8) 


N2— H2 


0.8800 


N6— H6 


0.8800 


N3— C13 


1.334 (8) 


N7— C36 


1.347 (8) 


N3— C14 


1.337 (8) 


N7— C35 


1.350 (8) 


N3— C16 


1.480 (8) 


N7— C38 


1.471 (8) 


N4— C20 


1.337 (9) 


N8— C42 


1.344 (8) 


N4— C19 


1.339 (9) 


N8— C41 


1.347 (9) 


N4— C22 


1.481 (9) 


N8— C44 


1.484 (8) 


CI— C10 


1.414(8) 


C23— C32 


1.417 (8) 


CI— C2 


1.454 (8) 


C23— C24 


1.450 (9) 


C2— C3 


1.347 (9) 


C24— C25 


1.348 (9) 


C2— H2A 


0.9500 


C24— H24 


0.9500 
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1 A CO f(X\ 
1.435 (V) 


p-> ui 

C3 — hi 3 


U.SOUU 


pi A PC 

C4 — C3 


1.4U1 [y) 


f p/r 

C3 — Co 


1.4U1 [y) 


PS C\ 1 


1 .H-VU ^OJ 


C6— C7 


1.426 (9) 


C7— C8 


1.353 (9) 


C7— H7 


0.9500 


C8— C9 


1.442 (9) 


C8— H8 


0.9500 


C9— CIO' 


1.384 (9) 


pin pnl 

ciu — cv 
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CIU — CI / 
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1 no /a\ 
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pi i ii n 
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U.V5UU 


P 1 1 III") 

C13 — hll3 


a acaa 

u.y5uu 


pi /I pi c 

C14 — Cl3 


1.355 (V) 


pi A TT 1 A 

C 1 4 — rl 1 4 


A ncnn 


P1 f UK 

CI J — hll3 


a acaa 
U.V5UU 


fU TT 1 £ A 

CIO — rilOA 


A AOAA 

u.y&uu 


P1/T TT 1 TD 

Clo — HlOB 


a aoaa 
U.V6UU 


P1/T TT 1 *rp 

Clo — HloC 


a aoaa 


P 1 *7 PI O 

CI / — Clo 


1 /a\ 
l.iy.5 (y) 


PH p ~) i 

CI / — CZ1 


i.jys (y) 


p 1 o pin 

Clo — ciy 


1.30/ (y) 


pi n TT1 O 

Clo — Hlo 


0.9500 


p| n T T 1 A 

C19 — H19 


0.9500 


C20 C21 


1 376 HO 1 ) 


C20— H20 


0.9500 


C21— H21 


0.9500 


C22— H22A 


0.9800 


C22— H22B 


0.9800 


C22 — H22C 


0.9800 


02W-04W iii 


2.781 (15) 


02W06W iv 


2.793 (15) 


03W-05W' V 


2.730 (19) 


03W-06W 


2.56 (2) 


04W-05W 


2.721 (19) 


05W06W iv 


2.73 (2) 


01W-I2 V 


3.565 (5) 


01W-I3 V 


3.594 (5) 


CI— Nl— C4 


105.2 (5) 


C6— N2— C9 


110.0 (5) 


C6— N2— H2 


125.0 


C9— N2— H2 


125.0 



ptc pi/: 
CZ3 — CZO 


1 A A/Z f(X\ 

1.440 {y) 


PTC HOC 

CZ3 — HZ3 


U.y3UU 


PO/_ PT7 

CZo — CZ / 


1 A 1 1 SQ\ 

1 .4 13 (o) 


PT7 POO 

CZ / — CZo 


1 ICC /CA 

1.3oo (o) 


l_-Z / vjj 


1 4QQ ^C\ 


C28— C29 


1.428 (8) 


C29— C30 


1.358 (9) 


C29— H29 


0.9500 


C30— C31 


1.429 (8) 


C30— H30 


0.9500 


C31— C32" 


1.394 (9) 


C3Z — C31 




C3z — c.3y 


1 A OA /0\ 

1.46U (6) 


C33 — Co / 


1 i o/; /o\ 
1.350 (6) 


C33 — C34 


1 inA /n\ 

i.iy4 (y) 


C34 — C35 


i.i /y (y) 


C34 — H34 


A ACAA 

u.ysuu 


C35 — H35 


A ACAA 

u.ysuu 


C3o — C3 / 


1 1 Ol /A\ 

i.3s2 (y) 


C3o — H3o 


A A C A A 

u.ysuu 


C3 / — H3 / 


A ACAA 

u.ysuu 


p-io U1QA 

C35 — H36A 


A AOAA 

u.ysuu 


C3o — Hiahs 


A A OA A 

u.ysuu 


/—ii o TTT O/^ 

C38 — H38C 


A A OA A 

0.9800 


cjy — C43 


1 1 Q1 /A\ 

i.3o3 (y) 


cjy — C4u 


1 ACiA /o\ 

1.4U4 (6) 


AC\ /~M 1 

C4U — C4 1 


1 i/;o /a\ 
1.306 (y) 


/-ma tt a r\ 
C4U — H4U 


0.9500 


A 1 TT/1 1 

C41 — H41 


0.9500 


C42 C43 


1.372 (9) 


C42— H42 


0.9500 


C43— H43 


0.9500 


C44 H44A 


0.9800 


C44 H44B 


0.9800 


C44 — H44C 


0.9800 


02W-I3 


3.684 (9) 


06W-I4 vi 


3.299 (18) 


C13-I1 


3.691 (6) 


C14-I2 vi 


3.760 (6) 


C44-I2 


3.844 (7) 


C22-I3 m 


3.882 (7) 


C36-I4™ 


3.566 (5) 


C26— N5— C23 


104.4 (5) 


C31— N6— C28 


110.2 (5) 


C31— N6— H6 


124.9 


C28— N6— H6 


124.9 
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n i xti i a 
CI 3 — JN3 — C14 


m q /c\ 
1Z1.3 (j) 


C 1 3 — JN 3 — C 1 o 


1 1 n a /c\ 
11V.4 PJ 
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C14 — JN3 — Clo 


nm /c\ 
11V.Z PJ 


CZU — JN 4 — C 1 y 
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XT /I /"ll 

CZU — JN 4 — CZZ 
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Ciy — JN4 — CZZ 


1 1 O C fO\ 

llo.j (0) 
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JN 1 — CI — C1U 


nc 1 /c\ 
IZJ.l (J) 
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JN 1 — CI — CZ 


ill n /c\ 

1 1 1 .u p J 


Pin p 1 po 
C 1 U — CI — CZ 


1Z3.0 (oj 


pi po pi 

C3 — CZ — C 1 


1 A£ £ /C\ 

lUo.o pj 


PI PI I IQ A 

C3 — CZ — riZ A 


1Z0. / 


p i pi i n a 
C 1 — CZ — hlZ A 


1 1£ *7 

iZo. / 


PO pQ p /I 

CZ — C3 — C4 


1 n£ c /c\ 
lUo.J PJ 


PO pQ I I "J 
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IZO. / 


p /| pQ TTQ 

C4 — C3 — hi 3 


1 1£ 1 

IZo. / 


XT1 p A PC 

JN 1 — C4 — CD 


nr p /c\ 

IZj.o (j) 


XT1 P y| PQ 

JN 1 — C4 — C3 


1 1 A H /C\ 

11U. / pj 


PC p /| pQ 

Cj — C4 — C3 


1 Q /C\ 

1Z3.3 pj 


P/C PC p /I 

Co — Cj — C4 


1 1£ A /C\ 

lZo.4 p) 


p/: pc PI | 

Co — CD — C 1 1 


iu n /c\ 

iio.y pj 


P/l pc PI 1 

C4 — CD — C 1 1 


llo. / (j) 


XT1 p/: pc 

JNZ — Co — Cj 


nc 1 /c\ 
IZJ.l pj 


xti p/; p-7 

JNZ — Co — C/ 


1 at/ 1 /c\ 
10/. 1 pj 


PC P/T P-7 

Cj — Co — C / 


1 T7 O /C\ 

1Z /.o p) 


ps a C(\ 


lUo.4 ^ J J 


C8 — C7 — H7 


125.8 


C6— C7— H7 


125.8 


C7— C8— C9 


107.7 (6) 


C7— C8— H8 


126.1 


C9— C8— H8 


126.1 


N2 — C9 — CIO' 


126.6 (6) 


N2— C9— C8 


106.7 (5) 


CIO'— C9— C8 


126.7 (6) 


C9> — CIO — CI 


126.2 (6) 


rn 1 rift 

CV — CIO — CI / 


1 1fi 7 C51 
1 1 u. / yj j 


CI — CIO — CI / 


116. / pj 


n c n 1 no 
CI J — CI 1 — C12 


11 /.9 PJ 


n c n i re 
CO CI 1 CD 


1 OO ft 

122.U (5) 


no n 1 
C12 — CI 1 — C5 


1 Oft 1 

12U.1 pj 


n i no n 1 
CI 3 — C12 — CI 1 


| |ft o 

iiy.s pj 


n i no un 
C13 — C12 — H12 


1 Oft 1 

12U.1 


n 1 rn un 
CI 1 — C12 — H12 


1 Oft 1 

12U.1 


N3— CI 3— C12 


120.4 (5) 


N3— CI 3— HI 3 


119.8 


C12— C13— H13 


119.8 


N3— CI 4— CI 5 


120.2 (6) 


N3— CI 4— H14 


119.9 


C15— C14— H14 


119.9 



P Q /: XT*7 PIC 

C3o — JN / — C3 j 


1 in a /c\ 
1ZU.0 P) 


p Q /: XT*7 PQ o 

C3o — JN / — C3o 


1 1 n 1 

ny.i pj 


pQ c XT*7 PQ O 

C3j — JN / — C3o 


1 in i /c\ 
1ZU.Z (j) 


P /( Q TvTO P/1 1 

C4Z — JN o — C4 1 


1 in Q /c\ 
1ZU.0 (j) 


P /I Q X.TO p /l /( 

C4Z — JN o — C44 


i i n n fa\ 
1 IV. / (o) 


p /l 1 XTO p /I /I 

C4 1 — JN o — C44 


1 1 n c /c\ 

ny.j (j) 


"N.TC PQ Q pQ Q 

JN J — CZ3 — C3Z 


1 1/1 /I /c\ 

1Z4.4 pj 


XTC PQ Q PQ /I 

JN j — CZ3 — CZ4 


1111 
1 1 l.Z pj 


PQQ pQQ PO A 

C3Z — CZ3 — CZ4 


1 1/1 1 /c\ 

1Z4.Z PJ 


P Q C PQ /I pQQ 

CZj — CZ4 — CZ3 


1 ri/i i /c\ 
lUo.3 (JJ 


PQ C PQ /I I I Q /I 

CZj — CZ4 — hlZ4 


1 l/i Q 

IZo.o 


PQQ pQ /I I I Q , | 

CZ3 — CZ4 — hlZ4 


1 l/i Q 

IZo.o 


PQ /I PQC P Q /C 

CZ4 — CZj — CZ o 


1 ri£ /i /c\ 

lUo.4 pj 


PQ /I PQC TTQC 

CZ4 — CZj — hlZj 


1 1/i Q 

IZo.o 


p-|/ PQC I I Q C 

CZo — CZj — hlZj 


1 1£ Q 

IZo.o 


XTC p Q /C pQ Q - 

JN j — CZo — CZ / 


1 1/1 A /C\ 

1Z4.U (jJ 


XTC p Q /C pqc 

JN j — CZo — CZj 


111 c /c\ 

111.5 (5) 


PQ-7 PQ/T PQC 

CZ / — CZo — CZj 


1 1/1 c /c\ 

1Z4.J pj 


PQQ PQ-7 PQ/T 

CZo — CZ / — CZO 


1 1/^ Q / 

izo.y p j 


PQQ PQ-7 PQQ 

CZo — CZ / — C33 


lien /c\ 

115.7 (5) 


pi/ PQ*7 PQQ 

CZo — CZ / — C33 


I 1 *7 /I /C\ 

II /.4 pj 


XT£ PQQ PQ-7 

JNo — CZo — CZ / 


1 1/i 1 /c\ 

IZo.Z (JJ 


\T/T PQQ PQQ 

jn o — czo — czy 


1 fi£ a ( c\ 
1U0.0 p J 


PQQ - PQQ pm 

cz / — czo — czy 


1 n 1 /c\ 

iz/.i pj 


pin CJQ C?R 


1 UO.Z ^ J J 


C30 — C29 — H29 


125.9 


C28— C29— H29 


125.9 


C29— C30— C31 


108.0 (5) 


C29— C30— H30 


126.0 


C31— C30— H30 


126.0 


N6— C31— C32 U 


125.8 (5) 


N6— C31— C30 


106.8 (5) 


C32"— C31— C30 


127.4 (5) 


C31" — C32 — C23 


126.5 (5) 


fii u rm 

C3i — C32 — cjy 




roi rio ron 

C23 — C32 — c^y 


11 / ./ (5) 


rn rn ri/i 
C3 / — C33 — C34 


1 1 O A 

116.4 (5) 


rn rn ro~7 
C3 / — C33 — C2 / 


i i n i 

ny.i pj 


rn rn rn 
CJ4 — CJ J — C2 / 


1 OO C 1 z\ 

122.5 (5J 


ri? ri/i rn 
C35 — C34 — C33 


1 Oft o 

12U.2 (5J 


ric ri/i ni< 
C3D — C34 — H34 


linn 

ny.y 


rn ri/i ui/i 
C33 — C34 — H34 


un n 
ny.y 


N7— C35— C34 


120.2 (6) 


N7— C35— H35 


119.9 


C34— C35— H35 


119.9 


N7— C36— C37 


121.0 (5) 


N7— C36— H36 


119.5 


C37— C36— H36 


119.5 
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pi 1 PI f pi /I 

CI 1 — CI j — C14 


1 in i 
1ZU.Z (0) 


P Q /l PQ*7 PQ Q 

C3o — C3 / — C33 


1 1 n £. 

ny.o (0) 


pi i pi r I [ 1 r 

CI 1 — CI J — HI J 


imn 

ny.y 


f^lCL PQ -7 TTQ1 

Cio — C3 / — 113 / 
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pi /| PIC UK 

C14 — CI J — rll j 


nn n 

liy.y 


PQ Q PQ -7 I HI 

C33 — C3 / — 113 / 
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\n pu TT 1 & A 

JN J — C 1 0 — H 1 OA 


1 nn c 
lUy.J 


Ml PQ O TTQ O A 

IN / — C3o — 113 o A 


1 nn c 

iuy.j 


\n pi ^ ill id 

IN 3 — Clo — HI OB 


1 nn c 


Ml f^l O TTQ OD 

IN / — C3o — H3or> 


1 nn c 

iuy.j 


TJ 1 £ A ru TT 1 /. I) 

rl 1 OA — C 1 0 — H 1 0r> 


1 nn c 


I T Q o A pi 0 I I Q or> 

113 OA — C3 o — 113 oB 


1 nn c 

iuy.j 


Ml / • l /: it i *rp 

IN 3 — C 1 0 — H 1 OC 


1 no 

iuy.j 


W7 PQ O TITOp 

IN / — C3o — H3oC 


1 no ^ 

iuy.j 


T-J1£A P 1 /Z i i i /: p 

H 1 OA — C 1 0 — H 1 OC 


1 no ^ 

iuy.j 


T-J1QA PIO i it or' 

113 OA — C3 o — 113 oC 


1 no ^ 

iuy.j 
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H 1 OB — C 1 o — H 1 OC 


1 nn c 

iuy.j 


TTQ OD PQ O TTQ OP 

H3or> — C3o — H3oC 


1 nn c 

iuy.j 


PI o P 1 *7 p ") i 

Clo — CI / — CZ1 


11 /. / (o) 


p a q pq n p/in 
C43 — C 3 y — C4U 


1111 { c\ 

11 /.I (j) 


PIO pn p i pi 

Clo — CI / — C1U 


1 1 O 1 /c\ 

110.3 (j) 


p A Q pin PQ 1 

C43 — C3 y — C3 Z 


111 H ( C\ 

1Z1./ p) 
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Czl — CI / — C1U 


1 1 /i n /c\ 
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Pin pi o pi 7 
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1 in a (£\ 
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1 in o 
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pin PIO TT 1 o 

CIV — Clo — Hlo 


1 1 n o 

ny.o 


p/i 1 p/i n Tj/1 n 
C4 1 — C4U — H4U 


1 1 n £ 

i iy.o 


p 1 -7 PIO TJ1 O 

CI / — Clo — Hlo 
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ny.o 
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ny.o 
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IN 4 — C 1 y — C 1 o 
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-1.3 (6) 
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-2.4 (7) 
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2.6 (7) 
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C 1 U — C 1 — CZ — C3 
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1 11 O 
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i i /i\ 
-2.7 (7) 
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n c ( c\ 

-0.5 (6) 


PI PI P/1 XT1 

CZ — C 3 — C4 — IN 1 


n n /i\ 
-0.9 (7) 


pl/l pic p-)/: xtc 

CZ4 — CZj — CZO — IN J 


2.1 (7) 


P1 PQ p /] PC 

CZ — C J — C4 — C J 


1 ~j a n 

1 /4.U (0) 


pi/i pic pi/; pn 
CZ4 — CZj — CZO — CZ / 


1 in i (c\ 

—i /y.z (0) 


Ml P/1 PC P 

IN 1 — C4 — CD — Co 


11/1 n\ 

3.3 (10) 


M( pi/; pi -7 Pio 

IN J — CZo — CZ / — CZo 


c i /n\ 

-5.3 (9) 


PI p /] pc p /" 

C J — C4 — C D — Co 


i in o 
—1 /U.O (0) 


PIC pi/- pn PIO 

CZj — CZO — CZ / — CZo 


1 HC 1 /£\ 

1 /o.Z (0) 


Ml P/1 PC PI 1 

IN 1 — C4 — CD — Cll 


1 i£ n /c\ 

—i /o.y (j) 


MC PI Z pn PQ Q 

IN J — CZO — CZ / — C33 


1 11 /I /c\ 

1 /Z.4 (J) 


P") p/1 pc p 1 1 

C3 — C4 — CD — C 1 1 


n n /o\ 

9.0 (8) 


pic pi/ pn pq q 
CZj — CZO — CZ / — C33 


& 1 /o\ 

-6.1 (8) 


PA Ml PZZ PC 

C9 — N 2 — Co — C5 


-176.4 (6) 


PQ 1 MZZ PIO p1 ^7 

C3l — No — C28 — C27 


1 ii n /c\ 

177.9 (5) 


C9— N2— C6— C7 


3.0 (7) 


C3l— N6— C28— C29 


-3.5 (6) 


C4— C5— C6— N2 


-1.5 (10) 


C26— C27— C28— N6 


11.1(9) 


Cll— C5— C6— N2 


178.8 (5) 


C33— C27— C28— N6 


-166.7(5) 


C4— C5— C6— C7 


179.3 (6) 


C26— C27— C28— C29 


-167.3 (6) 


Cll— C5— C6— C7 


-0.5 (9) 


C33— C27— C28— C29 


14.9 (8) 
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N2— C6— C7— C8 


-2.3 (7) 


N6— C28— C29— C30 


1.0 (6) 


C5— C6— C7— C8 


177.1 (6) 


C27— C28— C29— C30 


179.6 (5) 


C6— C7— C8— C9 


0.7 (7) 


C28— C29— C30— C31 


1.7 (6) 


C6 — N2 — C9 — C 1 0' 


175.5 (6) 


C28— N6— C31— C32 U 


-177.0 (5) 


C6— N2— C9— C8 


-2.5 (7) 


C28— N6— C31— C30 


4.5 (6) 


C7— C8— C9— N2 


1.1 (7) 


C29— C30— C31— N6 


-3.8 (6) 


C7— C8— C9— CIO' 


-177.0 (6) 


C29— C30— C31— C32" 


177.7 (6) 


Nl — CI — CIO — C9' 


1.2(10) 


N5 — C23 — C32 — C31" 


-0.5 (9) 


po ni nin pn 1 
Cz — C 1 — C 1 u — cv 


1 77 5 (K\ 


po /i pti pn pi 1 11 
Cz4 — Cz3 — C3Z — C3 1 


1 7^ 4 (f>~\ 


\ti pi fin fin 

JN 1 — CI — C1U — CI / 


1 in (&\ 
— I /U.6 (0 j 


\ic ptj pn pan 
JN j — Cz3 — C3Z — C3y 


1 "7Q A 

—1 /S.4 p j 


n n pin rn 
Cz — CI — C1U — CI / 


c "7 /n\ 
5.7 (9) 


po a pti pn pm 
Cz4 — Cz3 — C3z — C3V 


i c /n\ 

-2.5 (9) 


/ •/ pc pi i p i c 

CD — Cj — Cll — CI J 


£C 1 SH\ 

65.1 (7) 


poo pn pn pn 
Czo — Cz / — C33 — C3 / 


CO 1 f~l\ 

jo. 3 {/) 


P/i pc pi 1 p 1 c 

C4 — CD — C 1 1 — C 1 J 


11/17 (£\ 

— 1 14. / (0) 


p-)/ pn pn pn 
Czo — Cz / — C33 — C3 / 


1 1 Q H 

— i iy. / (oj 


P£ PC P11 p 1 o 

Co — CD — C 1 1 — C 1 Z 


— 11 D. 0 (0) 


poo pn pn pi/i 
Czo — Cz / — C33 — C34 


— Izz.l (0) 


p/i pc pii pn 
C4 — C J — C 1 1 — C 1 Z 


04.4 (/) 


Pi/; PT7 pn pi/i 
Czo — Cz / — C33 — C34 


cn n /o\ 

jy.v (0) 


P1C P11 P 1 1 P11 

CI J — Cll — Clz — CI J 


1 c /o\ 

3.5 (8) 


pn pn pi /i pic 
C3 / — C33 — C34 — C3 j 


i n /n\ 

2.9 (9) 


PC P11 P11 P 1 1 

Cj — C 1 1 — C 1 z — C 1 3 


-1 /5. / (5) 


PT7 PTl PI /I PIC 

Cz / — C33 — C34 — C3 j 


-1 /0. / (0) 


C14 — JN3 — CI 3 — Clz 


1 1 ZO\ 
— Z.Z (5) 


p ■> \n PIC P 1 /I 

C3o — JN / — C3j — C34 


1 *7 /n\ 

-1.7 (9) 


pi/: \n ni o ph 

C 1 0 — JN 3 — C 1 3 — C 1 Z 


— loU.U (_>) 


PIO \H PIC PI A 

C3o — JN / — C3j — C34 


1 "70 n { a\ 
— 1 /8.0 (6) 


pi i pi 7 pi i lsji 


i.i iyj 


C\A P^S N7 


— 1 (1 (Q\ 
1 .U (y) 


C13 — N3 — C14 — C15 


3 7 C8") 


C35 — N7 — C36 — C37 


2 5 (9) 


C16— N3— C14— C15 


-178.6 (5) 


C38— N7— C36— C37 


178.9 (6) 


C12— Cll— C15— C14 


-2.1 (8) 


N7— C36— C37— C33 


-0.5 (9) 


C5— Cll— C15— C14 


177.1 (5) 


C34— C33— C37— C36 


-2.1 (9) 


N3— CI 4— CI 5— Cll 


-1.4(9) 


C27— C33— C37— C36 


177.5 (5) 


C9' — CIO — C17 — C18 


-64.2 (8) 


C3 1 " — C32 — C39 — C43 


-120.9 (6) 


CI — CIO — C17 — C18 


108.5 (6) 


C23 — C32 — C39 — C43 


57.2 (8) 


r^Q 1 nn pti 

cy — ciu — ci / — czi 


1163 n\ 

1 1 U.J \ 1 J 


p->iii pn pin p/in 
C3i — C3z — C3V — C4U 


JO.O yi J 


r^i no pti 
CI — CIU — CI / — Czi 


"71 n /q\ 
/l.U (oj 


r^oi r^io rio r^/in 
Cz3 — C3z — C3y — C4U 


1 n 

— LZi.U (b) 


r^o 1 r^i"? no no 
Czi — CI / — CIS — ciy 


1.6 (9) 


r^/ii rio f^A(\ c^a\ 
C4J — CJy — C4U — C4i 


n a /o~\ 

— u.4 (yj 


cio — ci / — ci 8 — ciy 


i T7 n f £\ 
— 1 / /.9 (6) 


pn pm p/in p/i 1 
C3z — C3y — C4U — C4 1 


1 ~7n o m\ 
1 /y.8 (6) 


C20 — JN 4 C 1 9 — C 1 5 


n "5 /1 n\ 
-0.3 (10) 


p/n mo P/l i P/in 
C4z — JN5 — C41 — C4U 


n c /n\ 

0.5 (9) 


PTl XTyl Pin PI O 

Czz — JN 4 — C 1 9 — C 1 8 


—1 / I A ( /) 


p/i/i mo p/i 1 p^in 
C44 — JN 5 — C4 1 — C4U 


1 nn o //;\ 
1 II .6 (6) 


P 1 "7 pio pin XT A 

CI / — C18 — C19 — JN4 


-1.1 (10) 


Pin P/in P/11 mo 

C3y — C40 — C4 1 — JN 8 


-0.5 (9) 


C19— N4— C20— C21 


1.2(10) 


C41— N8— C42— C43 


0.5 (9) 


C22— N4— C20— C21 


178.2 (7) 


C44 N8— C42 C43 


-176.9 (6) 


N4— C20— C21— C17 


-0.6 (10) 


N8— C42— C43— C39 


-1.4 (9) 


C18— C17— C21— C20 


-0.7 (9) 


C40— C39— C43— C42 


1.3 (9) 


CIO— C17— C21— C20 


178.8 (6) 


C32— C39— C43— C42 


-178.9(6) 



Symmetry codes: (i) -x+1, -y, -z; (ii) -x+\, -y, -z+1; (iii) x, z; (iv) -x+3/2, jH-1/2, -z+1/2; (v) -x+1/2, jH-1/2, -z+1/2; (vi)x, >>-l, 
z; (vii) -x+3/2, jy— 1/2, -z+1/2. 
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